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(54) Steering apparatus 

(57) A steering apparatus capable of accurately rec- 
ognizing operations of an operation section and of re- 
ducing the number of parts and simplifying its structure. 
The steering apparatus is composed of a steering wheel 
(1) for controlling movements, operation sections (6 to 



11) mounted on the steering wheel (1) for operating 
equipment, and a vibration section (41 ) for giving vibra- 
tions to at least a portion of the steering wheel (1) in 
relation to the operations of said operation sections (6 
to 11). 
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Description 

[0001] The present invention relates to a steering ap- 
paratus to be mounted on a motor vehicle, and more 
particularly to a steering apparatus in which an operat- 
ing section (for example, switches) for operating other 
equipment (for example, vehicle mounted equipment) 
are installed on a steering wheel so that the other equip- 
ment are operable while the steering wheel is operated. 
[0002] So far, switches for operating vehicle mounted 
equipment (for example, a car audio system, a car air- 
conditioner and others) have additionally been installed 
on a steering wheel of a motor vehicle, while a conven- 
tional steering apparatus has been made such that a 
tactile response to the on/off of a switch has not devel- 
oped and the confirmation on the on/off operation of the 
switch has been made by viewing a monitor display unit 
or the like placed nearby. However, difficulty is encoun- 
tered to confirm it while viewing the monitor display unit 
during the vehicle driving, and even it is troublesome in 
driving operation. 

[0003] For eliminating these drawbacks, there has 
been proposed a structure shown in Figs. 5 and 6. As 
Fig. 5 shows, retractable projections 102 are provided 
in close vicinity to each other on a circumferential sur- 
face of a grip section 101 of a joy stick 100, with four 
projections 102 being arranged vertically while four pro- 
jections 1 02 being arranged horizontally, sixteen in total. 
[0004] As Fig. 6 shows, the positions of the projec- 
tions 1 02 corresponds respectively to portions designat- 
ed at numeral 104 when the driver grips the grip section 
101 with his hand 103, that is, to the finger tips and the 
intermediate portions of the first to fourth fingers of the 
hand 1 03 and the portions of the palm close to the bases 
of the fingers. Although not illustrated, inside each of the 
projections 1 02, there is provided a vibration means with 
a piezoelectric device whereby the projection 1 02 indi- 
vidually undergoes vibration control. 
[0005] When the grip section 101 is held with the hand 
103 so that the joy stick 100 is inclined in a desired di- 
rection, not only the operation of vehicle mounted equip- 
ment is made through a generated output signal accom- 
panying that operation but also the aforesaid vibration 
means is driven on the basis of the same output signal 
to transmit vibration to the projection 102. The hand 103 
can sense the vibrating projection 102 through a tactile 
impression and, therefore, the driver can confirm the ve- 
hicle mounted equipment, being currently in operation, 
through the hand 103. 

[0006] In this way, since the operation of vehicle 
mounted equipment is confirmable through the tactile 
sense of the hand 103, it is possible to eliminate the 
need for viewing the monitor display unit, and this is 
handy. However, even in this instance, the drawbacks 
still exist. 

[0007] That is, this joy stick 100 requires a large 
number of projections 102, vibration means correspond- 
ing to each of the projections 102, control means for 



drive-controlling a large number of vibration means in- 
dividually, which leads to an increase in the number of 
parts, a complication in its structure, an increase in its 
size, a rise in its manufacturing cost, and a trouble of 

5 assembling work. 

[0008] In addition, since an individual difference ex- 
ists in the size of the hand 103 which is to operate the 
joy stick 100, that is, in the positions signified at the ref- 
erence numerals 1 04, a difference may occur in sensing 

10 the vibrating projection 102 in the tactile way, which 
makes it difficult to accurately confirm the operation of 
the vehicle mounted equipment. 

[0009] it is an object of this invention to provide a 
steering apparatus which is capable of accurately ree- 
fs ognizing an operation by an operation section, coupled 
with reducing the number of parts, simplifying its con- 
struction, reducing its size and manufacturing cost and 
simplifying its assembling work. 

[0010] According to the present invention a steering 
20 apparatus is provided, comprising: a steering wheel for 
controlling movements (for example, forward and back- 
ward directions, and other directions), an operation sec- 
tion (for example, switches) installed on the steering 
wheel for operating other equipment (for example, ve- 
25 hide mounted equipment, and a vibration means (for ex- 
ample, a vibration system including a solenoid) for giv- 
ing vibrations to at least a portion of the steering wheel 
in accordance with the operation of the operation sec- 
tion. 

30 [0011] Preferably, the aforesaid object is achievable 
in a manner that, in the aforesaid first means, a second 
means is constructed to give vibrations in different 
modes to the steering wheel in accordance with the con- 
tents of the operation of the operation section (for ex- 

35 ample, volume control in a car audio system, and air 
quantity control in a car air conditioner). 
[0012] Preferably, the aforesaid object is achievable 
by the aforesaid first or second means involving a third 
means in which the steering wheel is a steering wheel 

40 in a motor vehicle and the other equipment is equipment 
mounted on the motor vehicle. 

[0013] Preferably, the aforesaid object is achievable 
by the first means involving a fourth means in which the 
vibration means is incorporated into the steering wheel. 

45 [0014] Preferably, the aforesaid object is achievable 
by the aforesaid first or fourth means involving a fifth 
means whereby vibrations generated from the vibration 
means are transmitted through an elastic member (for 
example, rubber and others) to a surface of the steering 

50 wheel. 

[0015] Preferably, the aforesaid first or fourth means 
involves a sixth means in which a vibration transmission 
cover is provided on a surface of the steering wheel. 
[001 6] Preferably, the aforesaid first or second means 
55 includes a seventh means in which a plurality of equip- 
ment are operated by the aforesaid operation section 
and the equipment to be operated is selectable through 
a selection means. 
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[0017] Preferably, the aforesaid first, second or sev- 
enth means is based upon an eighth means in which a 
plurality of operation sections are installed on the steer- 
ing wheel and each of vibrations different in mode is giv- 
en to the steering wheel in relation to each of the oper- 
ation sections. 

[0018] As described above, in this invention, a vibra- 
tion means is provided to give to the steering wheel vi- 
bration corresponding to the operation of the operation 
section, so that a tactile response returns to the palm of 
the driver at the manipulation of the operation section. 
Additionally, since the positions receiving the vibrations 
are not the fingertips or the intermediate portions of the 
fingers, the response can accurately be made irrespec- 
tive of the size of the hand. Thus, it is possible to rec- 
ognize the operation by the operation section precisely. 
[001 9] Moreover, at least one vibration means will do, 
which enables further reduction of the number of parts, 
further simplification of its structure, further reduction of 
manufacturing cost and further simplification of assem- 
bling work as compared with the techniques proposed 
so far. 

[0020] Embodiments of the invention, will now be de- 
scribed, by way of example only, with reference to the 
accompanying drawings, in which: 

Fig. 1 is a top view showing a steering apparatus 
according to an embodiment of this invention; 
Fig. 2 is an enlarged cross-sectional view taken 
along a line 2-2 of Fig. 1 ; 

Fig. 3 is a block diagram showing a control section 
including the steering apparatus; 
Fig. 4 is an illustration of pulse waveforms to be sup- 
plied to a vibration means of the steering apparatus; 
Fig. 5 is a perspective view showing an signal in- 
putting unit proposed so far; and 
Fig. 6 is a plan view showing a hand which operates 
the signal input unit. 

[0021] Referring to the drawings, a description will be 
made hereinbelow of an embodiment of the present in- 
vention. Fig. 1 is a top view showing a steering appara- 
tus according to an embodiment of this invention, Fig. 2 
is an enlarged cross-sectional view taken along a line 
2-2 of Fig. 1 , Fig. 3 is a block diagram showing a control 
section including the steering apparatus, and Fig. 4 is 
an illustration of pulse waveforms to be supplied to a 
vibration means of the steering apparatus. 
[0022] A generally circular steering wheel 1 is com- 
posed of a steering core 2, a pad 3, a body of equipment 
4, a body cover 5 (see Fig. 2) and others, and is con- 
nected rotatably through a steering wheel shaft (not 
shown) to a vehicle body 

[0023] As Fig. 1 shows, on an upper surface of the 
steering wheel 1 , in the vicinity of a central portion of a 
right-hand outer circumferential section of the steering 
wheel 1 there are placed first to third switches 6 to 8, 
while in the vicinity of a central portion of a left-hand out- 



er circumferential section thereof there are disposed 
fourth to sixth switches 9 to 11 . Since the frequency that 
the driver puts his hands on the vicinity of the central 
portions of the right- and left-hand outer circumferential 
5 sections of the steering wheel 1 is high, if the various 
switches 6 to 11 are disposed near these places, for the 
manipulations of the switches 6 to 11 , there is no need 
to take the trouble to shift his hands, and it is convenient. 
[0024] The first switch 6, the second switch 7, the 
io fourth switch 9 and the fifth switch 1 0 are made using a 
rotary push switch, while the third switch 6 and the sixth 
switch 11 is constructed using a push switch, with each 
of the switches 6 to 1 1 being coupled to a wiring board 
12 as shown in Fig. 2. 

is [0025] In this instance, the right-hand first to third 
switches 6 to 8 constitute a group of switches for oper- 
ating a car audio system, and the first switch 6 takes 
charge of control of the volume, the second switch 7 is 
for controlling the tuning, the third switch 8 is for per- 

20 forming the ON/OFF of a power supply. On the other 
hand, the left-hand fourth to sixth switches organizes a 
group of switches for operating a car air conditioner, and 
the fourth switch 9 controls the increase/decrease in air 
quantity, the fifth switch 10 controls the increase/de- 

25 crease in temperature set for the interior of the motor 
vehicle and the sixth switch 11 selects a rec. fresh (cir- 
culation of air in the interior of a car or introduction of air 
from the exterior of the car). 

[0026] In this instance, although the description is 

30 made of the operations of the car audio system and the 
air conditioner, it is possible to operate other vehicle 
mounted equipment such as a navigation system and a 
power window system, and the object to be operated 
can properly be selected through a mode switch 1 9 (see 

35 Fig. 2) installed additionally on the steering wheel 1 . 
[0027] In the case that vibrations are transmitted to 
the body of the steering wheel 1 , since the body has a 
large volume and a heavy weight, if the vibrations are 
transmitted directly thereto, the vibrations tend to be- 

40 come weak. On the other hand, if the vibrations are 
transmitted to a vibration transmission cover which is of 
a relatively small volume and a relatively light weight, 
strong vibrations can be given to the driver gripping the 
vicinity of the vibration transmission cover by his hands. 

45 Thus, a vibration transmission cover 1 3, made from a 
plastic sheet, is placed on a lower surface in the vicinity 
of central portions of right- and left-hand outer circum- 
ferential section of the steering wheel 1 , and as shown 
in Fig. 2 a solenoid 1 5, serving as a vibration source, is 

so disposed through an elastic member 14, such as a rub- 
ber, a cellular resin and a cloth on the inside of the vi- 
bration transmission cover 1 3. As shown in Fig. 1 , a vi- 
brator 17 is placed through a coil spring 16 on a tip por- 
tion of the solenoid 15. The vibrations from the vibrator 

55 1 7 driven by the solenoid 1 5 are transmitted through the 
elastic member 14 to the vibration transmission cover 
1 3 so that the driver can sense the vibrations in a tactile 
way. 
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[0028] If the vibrations are transmitted through the 
elastic member 14 like this embodiment, soft and com- 
fortable vibrations can be given to the hands. In addition, 
the installation of the vibration transmission cover 1 3 al- 
lows the vibrations to be transmitted through a relatively 
large area to the driver. In Fig. 2, reference numeral 18 
represents a lead wire connected to the solenoid 15 
[0029] Fig. 3 is an illustration of one example of con- 
trol section. As shown in this illustration, each of switch 
signals 32 from various types of switches 31 (that is, the 
first to sixth switches 6 to 11 , the mode switch 1 9, and 
others) is inputted through an input port 33 to a CPU 
(Central Processing Unit) 34. Further, the CPU 34 also 
receives a signal 36 from a keyboard switch 35 installed 
additionally on a monitor display unit or the like. On the 
basis of the inputted signal 36 and the switch signal 36, 
the CPU 34 outputs a display signal 37 to a monitor dis- 
play unit 38 based upon a display so that an operating 
state of a vehicle mounted equipment or the like appears 
thereon. 

[0030] A vibration signal 40 from the CPU 34 is input- 
ted through an output port 39 to a vibration means 41 
(composed of the solenoid 15, the vibrator 17, and oth- 
ers) which in turn, is driven in a peculiar vibration mode 
in accordance with the contents of the vibration signal 
40. 

[0031] Fig. 4 is an illustration of examples of pulse 
waveforms to be supplied to the solenoid 15 acting as 
a vibration source of the vibration means 41. In this il- 
lustration, character A indicates that one pulse ener- 
gization is made periodically to the solenoid 15 so that 
one vibration is given to the driver gripping the steering 
wheel 1 by his palm. Further, character B indicates that 
two-pulses energization is made periodically so that two 
vibrations are given periodically thereto, while character 
C indicates that three vibrations are given thereto. In this 
way, the number of vibrations can be increased gradu- 
ally. Still further, character D indicates that a large 
number of pulse currents are supplied for a constant pe- 
riod of time so that vibrations continue during this time 
period. 

[0032] Although in the case indicated by the charac- 
ters A to D the strength (amplitude of the vibrations) is 
constant, in the case indicated characters E to J, the 
strength (amplitude) of vibrations is made to vary. That 
is, the character E shows that two-pulse energization is 
made to give strong and weak vibrations periodically, 
and the character F shows that, conversely, two-pulse 
energization is made to give weak and strong vibrations 
periodically. Further, the character G shows that three- 
pulse energization is made to give strong, weak and 
strong vibrations periodically, while the character H 
shows that, on the contrary, three-pulse energization is 
made to give weak, strong and weak vibrations period- 
ically. Moreover, character I shows that the vibration var- 
ies to be strengthened gradually, while character J 
shows that the vibration varies to be weakened gradu- 
ally. Such various types of, i.e., different, vibration 



modes are set in advance, and the selection of the vi- 
bration modes is made by the CPU 34. 
[0033] These vibration modes are set individually in 
corresponding relation to the aforesaid first to sixth 

5 switches 6 to 11 . For instance, in the case that the vol- 
ume is turned up with the first switch 6, in the case that 
the air quantity is increased with the fourth switch 9 and 
in the case that the setting temperature for the vehicle 
interior is raised with the fifth switch 10, the vibration 

10 mode indicated by the character I in Fig. 4 is set where 
the vibration becomes stronger gradually. On the other 
hand, in the case that the volume is turned down with 
the first switch 6, in the case that the air quantity is de- 
creased with the fourth switch 9, and in the case that the 

is setting temperature for the vehicle interior is lowered 
with the fifth switch 1 0, the vibration mode indicated by 
the character J in Fig. 4 is set where the vibration be- 
comes weaker gradually. Besides, even in the case of 
the vibration modes indicated by the characters I and J, 
20 the vibration strength and/or the vibration interval vary 
in relation to the switches; therefore, the clear distinction 
among the switches manipulated is possible with the vi- 
bration states. 

[0034] In the case of the tuning by the second switch 
25 7, like the vibration modes indicated by the characters 
A, B, C, XXX, the number of vibration (frequency) is 
set to vary in accordance with the channels. Further, in 
the case of the turning-on/off of the power supply by the 
third switch 8, for example, for the tuming-on of the pow- 
30 er supply, the vibration mode indicated by the character 
F is set where the strength of vibration assumes weak 
and then strong values. Conversely, for the tuming-off 
of the power supply, the vibration mode indicated by the 
character E is set where the strength of vibration as- 
35 sumes strong and then weak values. For the selection 
to the circulation of air inside the motor vehicle made 
with the sixth switch 1 1 , the vibration mode indicated by 
the character G is set, and for the selection to the intro- 
duction of air from the external, the vibration mode indi- 
go cated by the character H is set. 

[0035] It is also appropriate that a predetermined vi- 
bration mode is assigned to a particularly important op- 
eration section, whereas a predetermined vibration 
mode different therefrom is allocated to each of all the 
45 other operation sections, thereby making the particular- 
ly important operation section outstanding. 
[0036] Although in this embodiment one vibration 
means is provided at each of the right- and left-hand 
outer circumferential sections of the steering wheel, this 
50 invention is not limited to this, but it is also possible that 
vibration means are provided individually (for example, 
under the operation sections) in relation to the operation 
sections (switches), or that the whole steering wheel is 
vibrated by one vibration means in each of vibration 
55 modes. In the case of the latter, the vibration means may 
be fitted to the steering wheel shaft. 
[0037] In this embodiment, although the switches are 
used as the operation sections, this invention is not lim- 
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ited to this, it is also possible to mount, in the steering 
wheel, a slide type operation section in which an oper- 
ating end is pushed and pulled, a rotating (rotary) type 
operation section in which an operating end is rotation- 
ally driven or rotated, or a joy stick type operation section 
with an operating lever. 

[0038] Furthermore, in this embodiment, although a 
solenoid is used as a vibration means, it is also accept- 
able to use other devices, for example, a piezoelectric 
device, a vibrator in which an eccentric weight is provid- 
ed on a shaft of a small -sized motor, a hydraulic system 
or the like. In addition, it is also appropriate to use both 
tactile responses by vibrations and responses based on 
a sound (for example, a voice, a melody, a chime sound, 
a buzzer sound, or the like). 

[0039] Still further, although the description of this em- 
bodiment has been made in terms of a steering appa- 
ratus for a motor vehicle, this invention is not limited to 
this, but is also applicable to steering apparatus for oth- 
ers, such as airplanes, ships, various types of working 
vehicles. 

[0040] In accordance with a first aspect or form of this 
invention, as described above vibration means is pro- 
vided to provide vibrations to a steering wheel in accord- 
ance with operations of operation sections, which re- 
turns responses to the palm of the driver, which manip- 
ulates the operation sections, in a tactile way. In addi- 
tion, since the vibration positions do not correspond to 
the fingertips or the finger intermediate portions unlike 
the technique proposed hitherto, the operation is recog- 
nizable irrespective of the size of the hand and others. 
Thus, it is possible to accurately recognize the operation 
of the operation section. 

[0041] Furthermore, only one vibration means will do, 
thus reducing the number of parts, simplifying the struc- 
ture, reducing the size and simplifying the assembling 
work as compared with the conventional technique. 
[0042] In accordance with a second form of this inven- 
tion, since vibrations are given to a steering wheel in a 
different mode corresponding to the contents of the op- 
eration of an operation section, more accurate recogni- 
tion of the operational contents is feasible. 
[0043] In accordance with third and fourth forms of 
this invention, the steering wheel is for a motor vehicle 
and other equipment are vehicle mounted equipment, 
which allows various types of equipment such as a car 
audio system, a carairconditioner, a navigation system, 
a power window system and others to be operated while 
operating the steering wheel. This is convenient. 
[0044] In accordance with a fifth form of this invention, 
since the vibration means is built in the steering wheel, 
the vibration means does not protrude from the steering 
wheel, with the result that the installation of the vibration 
means does not interfere with the steering wheel oper- 
ation. 

[0045] In accordance with sixth and seventh forms of 
this invention, since the vibration from the vibration 
means are transmitted through an elastic member to a 



surface of the steering wheel, the driver's hands can 
sense soft and comfortable vibrations. 
[0046] In accordance with eighth and ninth forms of 
this invention, since a vibration transmission cover is 
5 placed on a surface of the steering wheel, the vibrations 
can be transmitted through a relatively large area to the 
driver. 

[0047] In accordance with tenth and eleventh forms 
of this invention, since the equipment to be operated are 

10 selectable through a selection means, the range of the 
equipment to be operated is extendible. 
[0048] In accordance with twelfth, thirteenth and four- 
teenth forms of this invention, since a plurality of oper- 
ation sections are mounted on the steering wheel and 

'5 vibrations different in mode depending upon the opera- 
tions of the operation sections are given to the steering 
wheel, the contents operable in one equipment are en- 
largeable. 

[0049] It should be understood that the foregoing re- 
20 lates to only preferred embodiments of the present in- 
vention, and that it is intended to cover all changes and 
modifications of the embodiment of the invention herein 
used for the purpose of the disclosure, which do not con- 
stitute departures from the spirit and scope of the inven- 
ts tion. 



Claims 

30 1. A steering apparatus characterised by comprising: 

a steering wheel (1 ) for controlling movements; 
an operation section (6 to 11) mounted on said 
steering wheel (1 ) for operating equipment; and 
35 vibration means (41 ) for giving vibrations to at 

least a portion of said steering wheel (1 ) in re- 
lation to the operation of said operation section 
(6 to 11). 

40 2. A steering apparatus as defined in claim 1 , 

characterised in that the vibrations are given in dif- 
ferent modes (A to J) to said steering wheel (1) in 
accordance with the contents of the operation of 
said operation section (6 to 11). 

45 

3. A steering apparatus as defined in claim 1 or 2, 
characterised in that said steering wheel (1) is a 
steering wheel to be used in a motor vehicle and 
said equipment is equipment mounted on said mo- 

50 tor vehicle. 

4. A steering apparatus as defined in claim 1 , 
characterised in that said vibration means (41) is 
built in said steering wheel (1). 

55 

5. A steering apparatus as defined in claim 1 or 4, 
characterised in that the vibrations generated from 
said vibration means (41) are transmitted through 
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an elastic member (14) to a surface of said steering 
wheel (1 ). 

A steering apparatus as defined in claim 1 or 4, 
characterised in that a vibration transmission cover s 
(13) is provided on a surface of said steering wheel 
(1). 

A steering apparatus as defined in claim 1 or 2, 
characterised in that a plurality of equipment includ- 10 
ing said equipment are provided to be operated by 
said operation section (6 to 1 1 ), and said equipment 
to be operated is selected from said plurality of 
equipment through selection means (35). 

15 

A steering apparatus as defined in any one of claims 
1 , 2 and 7, characterised in that a plurality of oper- 
ation sections (6 to 1 1 ) including said operation sec- 
tion (6 to 11) are mounted on said steering wheel 
(1 ), and each of vibrations different in mode (A to J) 20 
from each other is given to said steering wheel (1) 
in relation to each of the operation sections (6 to 11 ). 
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